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(54) Antenna 

(57) The invention comprises an antenna structure 
particularly suitable for mobile stations operating on two 
frequency ranges. As a supporting component and also 
as component determining the electrical characteristics 
the antenna includes a dielectric plate (21). On one sur- 
face of the dielectric plate there is a radiating element 

(22) with a meander form, and on the opposite support 
of the dielectric plate there is a planar radiating element 

(23) . The operation on two frequency ranges is based 
on the fact that the structure has two resonance fre- 
quencies, which are relatively far from each other. The 



strips are further relatively wide, due to which the 
antenna operates satisfactorily in different positions and 
in the vicinity of objects. The parasitic element can fur- 
ther have a gap operating as a separate radiator, 
whereby the antenna operates on three frequency 
ranges. The antenna according to the invention is flat, 
and therefore it can be fixed to the back wall of a mobile 
station, and the distance to the user's head is as large 
as 
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Description 

[0001 ] The object of the invention is an antenna struc- 
ture defined in the preamble of claim 1, particularly an 
antenna structure applicable in mobile stations operat- s 
ihg on two frequency ranges. 

[0002] The development of mobile station techniques 
have brought and will bring to the marketplace new, ver- 
satile models, in which new requirements are placed on 
the antennas: the antenna must for instance operate on 10 
two frequency ranges, such as the 900 MHz and 1 .8 
GHz ranges; the bandwidths must be relatively large; 
the radiation and reception characteristics must be 
rather good in different positions of the device and the 
antenna, as well as in different locations regarding is 
external objects; and yet the antenna must be relatively 
small and compact. 

[0003] Figure 1 presents previously known antenna 
structures operating on two frequency ranges. 

20 

1) Structures based on a helix: 

A double helix: Two helix elements 101 and 

1 02 having different resonance frequencies are 
placed within each other, in an interleaved 25 
fashion or on top of each other. The elements 
have either a common or a separate feed. 

A helix and a monopole: Within a helix element 

103 there is placed a rod element 104 having a 
different resonance frequency. The elements 30 
have either a common or a separate feed. 

Disadvantages of the structures based on helix ele- 
ments are the relatively high manufacturing costs 
and clearly deteriorated characteristics, when the 35 
antenna is located or turned close to the frame of 
the device. 

2) Microstrip structures 

40 

A double strip: A radiating strip 105 is on the 
surface of a dielectric plate, and within it is 
another strip 106 having a different resonance 
frequency. The feed is made for instance to the 
strip 105, and the strip 106 is parasitic. The 45 
ground plane 107 is on the other surface 108 of 
the plate. 

A strip and a transmission line: On the surface 
of a dielectric plate 1 1 1 there is a strip 1 09, and 
a strip 110. functioning as a part of a short- so 
circuited transmission line. The transmission 
line is dimensioned so that it radiates at one of 
the two desired frequencies. 

A disadvantage of the presented and other corre- ss 
spending microstrip structures is their relatively nar- 
row bandwidth. An improvement can be achieved 
by adding parasitic elements to the structure, but 



then the structure's relatively large size will be a dis- 
advantage. 

3) Chip structures 

Within a dielectric monolithic body 114 there are 
two conductors 112 and 113 with a meander form, 
which radiate at different frequencies. The disad- 
vantage of these structures is the relatively narrow 
bandwidth. 

[0004] In addition to the above presented structures 
there are double band antennas based on a half-wave 
dipole. Their disadvantage is a relatively large size. 
[0005] The object of the invention is to reduce the 
above mentioned disadvantages relating to prior art. An 
antenna according to the invention is characterised in 
what is presented in the independent claim. Some pre- 
ferred embodiments of the invention are presented in 
the dependent claims. 

[0006] The basic idea of the invention is as follows: on 
one side of a small dielectric plate, such as a printed cir- 
cuit board, there is a regularly or almost regularly 
repeating conductor pattern, which at one end is con- 
nected to a conductor for reception and the antenna 
feed. On the opposite side of the plate, or within it, there 
is a parasitically coupled conducting area which is 
formed so that the structure has two resonance fre- 
quencies relatively far away from each other. 
[0007] The advantage of the invention is that the 
bandwidths at each operating range will be wider than in 
prior known structures. This is important, particularly 
when the device is used in different positions, and when 
the pass-bands slightly shift, due to i.a. a shifted posi- 
tion. A further advantage of the invention is that when 
the antenna is short and flat, it is on one hand possible 
to turn it into a protected position close to the frame of 
the device, and on the other hand that its electrical char- 
acteristics then remain adequate, because the distance 
to the device frame is kept relatively large. A further 
advantage of the invention is that due to the flat form of 
the antenna it can be placed at the back wall in mobile 
phones, whereby the power (SAR) absorbed into the 
user's head will be as low as possible. A further advan- 
tage of the invention is that the costs of the antenna are 
relatively low due to the simple structure. 
[0008] The invention is described in detail below. In 
the description reference is made to the enclosed draw- 
ings, in which 

Figure 1 shows dual band antennas according to 
prior art; 

Figure 2 shows a typical antenna according to the 
invention; 

Figure 3 shows the band characteristics of the 
antenna according to the invention; 
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Figure 4 shows an antenna mounted in a mobile 
station in different situations; 

Figure 5 shows some variations of the antenna 
according to the invention; and s 

Figure 6 shows a mobile communication means 
according to the invention. 

[0009] The structures of figure 1 were already 10 
described above in connection with the description of 
prior art. In figure 2 there is a structure according to the 
invention, which includes a dielectric plate 21, a radiat- 
ing element 22 connected to the feed line 25 of the 
antenna, and a radiating parasitic element 23. In this 15 
example the dielectric plate is the dielectric layer of the 
printed circuit board. The element 22 is a rectangular 
conductor pattern of the meander type, which is formed 
on the other side of the plate 21 , for instance by etching. 
In this connection meander means a line without 20 
branches and where a certain basic form or its modifica- 
tion, or different basic forms, are repeated in sequence 
in the same direction. Examples of the meander pattern 
are shown in figure 5. Below the element 22 is called a 
meander element. A parasitic element means a conduc- 25 
tor which is galvanically isolated from the other conduc- 
tors of the system, but which has an electromagnetic 
coupling to them. In this example a parasitic element 23 
is a conductor area formed by etching on the surface, 
which is opposite regarding the meander element, and 30 
which is electromagnetically coupled to the meander 
element. The symbols affecting the characteristics of 
the antenna are also marked in figure 2: the thickness d 
of the dielectric layer, the height h of the meander ele- 
ment 22, the width w of the meander element, the height 35 
s of the repeating pattern in the meander element, the 
width w«| of the conductor of the meander element, the 
height hp of the parasitic element 23, the width w p of the 
parasitic element, the height difference e-,+e 2 of the 
meander and parasitic elements, of which e-i is at the 40 
upper end of the structure and e 2 at the bottom end. 
The height direction means here and particularly in the 
claims the direction of the largest dimension h of the 
meander element. 

[001 0] The structure of the figure 2 has two resonance 45 
frequencies, of which the lower is determined mainly by 
the meander element 22, and the upper mainly by the 
parasitic element 23. Naturally the elements interact 
and thus have an effect on both resonance frequencies. 
The structure is characterised in that the resonance f re- so 
quencies are relatively far from each other; one can be 
arranged for instance in the frequency range used by 
the GSM network, and the other in the frequency range 
used by a PCN network or satellite telephones. The 
structure is particularly characterised in that the band- ss 
widths both in the upper and the lower operating range 
are relatively large. The planar parasitic element causes 
namely a wide upper band and also acts on the lower 



band in a way which makes it wider. The bandwidths 
can be tuned by the dimensioning. When for instance 
the upper band is desired to be as wide as possible, 
then the parasitic element must be dimensioned as a 
wide one. and it must be located downwards, so that the 
dimension e 1 is relatively large. Wider bandwidths can 
also be obtained, without changing the resonance fre- 
quencies, by making the meander pattern with wider 
spaces, or by increasing the dimension s, and by at the 
same time increasing the heights h and h p of the radiat- 
ing elements. Thus there must be a compromise 
between the bandwidths and the antenna size. The 
characteristics of the antenna are affected by the 
antenna dimensions and also by the matter between the 
meander and theparasitic elements: when the dielectric 
constant of the dielectric plate increases the upper res- 
onance frequency decreases. 

[0011] The band characteristics of an antenna are 
often examined by measuring its return loss A r as a 
function of the frequency. The return loss means the 
ratio between the energy supplied to the antenna and 
the energy returning from it. It is the absolute value of 
the inverse of the square of the reflection coefficient or 
the parameter S u . The higher the return loss the larger 
part of the energy supplied to the antenna will be radi- 
ated into the environment, or the better the antenna 
operates. In an ideal case the return loss is thus infinite. 
When the return loss is 1, or 0 dB, the antenna will not 
radiate at all; all energy fed into it will return to the feed- 
ing source. The reception characteristics of the antenna 
follow the transmission characteristics: the more effec- 
tively the antenna transmits on a certain frequency and 
into a certain direction, the more effectively it also will 
receive on said frequency from said direction. The 
bandwidth of the antenna can be defined in different 
ways: it can mean the difference between those fre- 
quencies at which the return loss has decreased 3 dB 
from its best value or maximum value. Often the band- 
width is regarded as the difference between those fre- 
quencies at which the value of the return loss is 10 dB 
or 10. This corresponds to the value 2 of the standing 
wave ratio SWR. 

[0012] Figure 3 shows an example of the variation of 
the return loss A,, of an antenna according to the inven- 
tion as a function of the frequency in different operating 
situations. The measurements results have been 
obtained with the following dimensions of the antenna: h 
= 29.3 mm; w = 5.4 mm; hp ■ 24.4 mm; w p = 5.4 mm; e 1 
= 4.2 mm; 63 = 0 mm; s = 1 .6 mm; vj^ = 0.5 mm; and d 
= 0.76 mm. The dielectric constant of the printed circuit 
board is e r = 2.5. The measurement range in figure 3 is 
from 800 -MHz to 2.2 GHz. The thin unbroken curve 31 
corresponds to the situation of figure 4a: the antenna is 
out and pointing upwards, and there are no other 
objects in the vicinity. The broad unbroken curve 32 cor- 
responds to the situation of figure 4b: a human head is 
now adjacent to the mobile station. The dotted line 33 
corresponds to the situation of figure 4c: the antenna is 
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out. but in an inclined position, such as in a multifunction 
mobile station during normal operation. The line 34 of 
dots and dashes corresponds to the situation of figure 
4d: the antenna is turned into a protected position, such 
as adjacent the frame of the mobile station. In the fol- 5 
lowing the band limits are defined as frequencies, at 
which the return loss is 8 dB = 6.3 (SWR » 2.3), except 
in the case of the turned antenna 34, where the band- 
width is defined on the basis of the -3 dB points. The 
curve 31 shows that when the mobile station is in a free w 
space the lower range is about 900 to 975 MHz and the 
upper range about 1670 to 1940 MHz. The curve 32 
shows that in the situation of a normal call the lower 
range is about 880 to 975 MHz, and the upper range 
about 1630 to 1920 MHz. The figure 33 shows that in 15 
the operational position of a multifunction mobile station 
the tower range is about 885 to 975 MHz and the upper 
range about 1690 to 2100 MHz. Figure 34 shows that 
when the antenna is turned the lower range is about 845 
to 955 MHz and the upper range about 1625 to 1890 20 
MHz. It is observed that the position of the ranges and 
their widths depend on the position of the antenna and 
on the environment, but that in ail cases the ranges 
cover the ranges used by the GSM and the PCN net- 
works. When the antenna is in the turned position the 2 s 
mean retur n loss in the pass-band is of the order of 10 
dB less than in the normal position. Then the transmit 
power is of course lower, but however, in most cases still 
sufficient. 

[0013] Above we described an antenna structure 30 
according to the invention and its characteristics. The 
invention is not limited to the above presented solutions. 
For instance, the number and the form of the radiating 
elements can vary. Figure 5 shows examples of some 
possible variations. In figure 5a the meander element 35 
comprises straight sections as in figure 2, but the angles 
between the conductor sections differ from a straight 
angle. Further the width of the pattern increases in the 
downward direction. In figure 5b the meander element 
comprises straight sections, but they form a triangular 40 
wave pattern. In this example the parasitic element is 
elliptical instead of a rectangle. In figure 5c the meander 
element comprises circular arcs and straight lines. A 
gap 51 has been formed in the parasitic element, 
whereby the gap radiates on a third frequency range. An 45 
antenna like this can then be dimensioned to operate on 
the frequency ranges used by three systems. With the 
same intention figure 5d has a second parasitic element 
52 on the same side of the printed circuit board as the 
feed conductor or the meander element. The material of so 
the dielectric plate can also vary: in addition to the 
materials typically used in printed circuit boards it can 
be for instance polytetrafluoroethylene (PTFE) or 
another plastic. The radiating elements can be formed 
in the surface of the dielectric plate also In some other 55 
way than by etching, for instance by evaporation or by 
tooling the conductor surfaces of the printed circuit 
board: a conducting material can for instance be depos- 



ited on the surface of the plate by evaporation or by a 
screen printing method. 

[0014] Figure 6 shows a block diagram of a digital 
mobile communication means according to an advanta- 
geous embodiment of the invention. The mobile com- 
munication means comprises a microphone 301, 
keyboard 307, display 306, earpiece 314, antenna 
duplexer or switch 308, and a control unit 305, which all 
are typical components of conventional mobile commu- 
nication means. Further, the mobile communication 
means contains typical transmission and receiver 
blocks 304, 311. Transmission block 304 comprises 
functionality necessary for speech and channel coding, 
encryption, and modulation, and the necessary RF cir- 
cuitry for amplification of the signal for transmission. 
Receiver block 31 1 comprises the necessary amplifier 
circuits and functionality necessary for demodulating 
and decryption of the signal, and removing channel and 
speech coding. The signal produced by the microphone 
301 is amplified in the amplifier stage 302 and con- 
verted to digital form in the A/D converter 303, whereaf- 
ter the the signal is taken to the transmitter block 304. 
The transmitter block encodes the digital signal and pro- 
duces the modulated and amplified RF-signal, whereaf- 
ter the RF signal is taken to the antenna 309 via the 
duplexeror switch 308. The receiver block 31 1 demod- 
ulates the received signal and removes the encryption 
and channel coding. The resulting speech signal is con- 
verted to analog form in the D/A converter 312, the out- 
put signal of which is amplified in the amplifier stage 
313, whereafter the amplified signal is taken to the ear- 
piece 314. The control unit 305 controls the functions of 
the mobile communication means, reads the com- 
mands given by the user via the keypad 307 and dis- 
plays messages to the user via the display 307. The 
mobile communication means further comprises an 
antenna structure 309. The antenna structure 309 pref- 
erably has a structure corresponding to some of the pre- 
viously described inventive antenna structure or 
equivalent antenna structures. 

[001 5] In view of the foregoing description it will be evi- 
dent to a person skilled in the art that various modifica- 
tions may be made within the scope of the invention. 
While a preferred embodiment of the invention has been 
described in detail, it should be apparent that many 
modifications and variations thereto are possible, all of 
which fall within the true spirit and scope of the inven- 
tion. 

Claims 

1. An antenna which comprises a first element (22) 
connected to its feed line and at least one parasitic 
element (23) characterised in that 

said first element (22) is a meander element, 
said parasitic element (23) is a planar conduc- 
tor area, and 
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the supporting structure for the meander and 
parasitic elements (22, 23) is a dielectric plate 
(21). 

2. A structure according to claim 1, characterised in s 

that the width <w) of the meander element in a first ] 
point in the height direction is different from its width I 
in a second point in the height direction. j 

3. A structure according to claim 1 , characterised in 10 \ 
that the height (h p ) of the parasitic element (23) is L 
less than the height (h) of the meander element 

(22). j 

4. A structure according to claim 1 , characterised in is j 
that the width (w p ) of the parasitic element (23) in a 

first point in the height direction is different from the 

width in a second point in the height direction. \ 

j 

5. A structure according to claim 1 , characterised in 20 ; ■ 
that the dielectric plate (21) is the dielectric part of 

a printed circuit board. 

6. A structure according to claim 5, characterised in 
that the meander element (22) is a conductor area 25 
on the first surface of said printed circuit board and 
that the parasitic element (23) is a conductor area 

on the second, opposite surface of said printed cir- 
cuit board. 

30 ' 

7. A structure according to claim 1, characterised in 
that the parasitic element (23) has a radiating gap 
(51). 

8. A structure according to claim 1 which comprises a 35 
first parasitic element and a second parasitic ele- 
ment (52), characterised in that said second para- 
sitic element (52) is conductor area on the same 
side of the dielectric plate as the meander element. 

40 

9. A mobile station having an antenna structure which 
comprises a feed line, a first element (22) con- 
nected to the feed line and at least one parasitic 
element (23). characterised in that 

45 

- the first element (22) is a meander element. 

- the parasitic element (23) is a planar conductor 
area, and 

in that the antenna structure further comprises a so 
supporting structure (21) for the meander and par- 
asitic elements, which supporting structure is a die- 
lectric plate. 

§§ 
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Fig. la 
PRIOR ART 
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Fig. lb 
PRIOR ART 
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Fig. lc 
PRIOR ART 
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Fig. Id 
PRIOR ART 
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Fig. le 
PRIOR ART 
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